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Abstract 
The maintenance programming of civil and industrial buildings is a relevant problem, especially in 
a global situation where natural resources are increasingly limited. Accurately knowing the 
durability of building products and components, essential for a sustainable use of resources, 
becomes more and more important after the recent 18 January 2011 resolution of the European 
Parliament, which introduced the seventh requirement on construction products, specifically 
regarding the sustainability and therefore the durability of such. This study concerns the evaluation 
of the durability of some innovative coatings based on acrylic-siloxane resins containing several 
pigments, used for building external decorative finishing, applied in thin thickness and of different 
basic components. The parameters investigated are: the surface appearance and the maintenance of 
the original colour, significant for the aesthetic quality of the architecture. The paper presents the 
first results of the experimental study on coating materials, produced by Hydrate Ltd, performed 
according to ISO 15686, aimed at defining the Reference Service Life, by monitoring the behaviour 
over time of artificially aged samples in the climatic chamber and external exposed samples, as well 
as the monitoring of a case study. 
 
Introduction 
The issue of maintenance programming [1, 2] has been a high priority of the scientific community 
for at least twenty years and the topic has become mandatory in Italy with the encoding of the Law 
109/94, which imposed, for the new government interventions, the establishment of a specific 
maintenance plan for any work. The varied consciousness of the community towards the issues of 
energy conservation, sustainability, conscious use of resources, even more and more limited, in the 
construction sector, led to the adoption of intervention policies, from the concept phase to the 
management one, increasingly oriented towards a balanced global cost-performance ratio. The new 
Regulation of the European Parliament, repealing the Council Directive 89/106/EEC, including the 
durability among the minimum requirements of the construction products, once again requires the 
examination of the problem of the service life duration. To this end, it is essential to accurately 
know the durability of materials and building components that is their ability to maintain acceptable 
performance characteristics over time [3, 4, 5 and 6]. This paper reports the first results of a study 
that examines the issue of durability of a new formulation of decorative coating based on acrylic-
siloxane, particularly the evaluation of the colour durability. The colour, part of the class of the 
requirements regarding the superficial appearance, contributes, in fact, not only to the definition of 
the technological quality of the building, but also to the environment (relevant architectural works, 
planning of the facades colour in the historical centres, etc.). Therefore the assessment of the 
durability of the building surface colour (UNI 10838:1999) is of interest for the aspects related to 
the definition of reliability and durability, especially when related to microclimatic parameters, 
pointing to the maintenance programming. It’s also interesting for those aspects related to the 
environmental quality of the building. 
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The research methodology, the parameters investigated and materials used 
The research is part of national and international studies on the durability assessment of building 
products and components, following the methods of ISO 15686 and UNI 11156, based on the 
evaluation of the component service life at the reference conditions (Reference Service Life) 
through correlations between laboratory accelerated aging tests and natural aging. The preparation 
of to the experimental phase, begins with the identification of potential stressing agents that may 
affect the duration of the component and the decay effects, potentially resulting in a change of the 
characteristics properties analysed. Base on the tests completed, it is possible to proceed to the time 
rescaling, for comparison with the results of the external monitoring aging. The surface colour 
measurements were carried out following the Recommendations of the Normal 43/93, by using a 
spectrophotometer with numerical gloss control for each measurement, which provides 
simultaneous data with specular component included (SCI) and excluded (SCE). Observations were 
made with the standard illuminant D65, as defined by the CIE, with a tilt angle of 10°. The colour 
space chosen was the L*a*b*, better known as CIELAB, defined by the CIE in 1976, based on 
brightness, L*, and two chromaticity coordinates a* and b* [7]. From the values of the coordinates, 
measured at time zero, it is possible to observe the colour change over time, ∆E*ab, expressed by 
the formula: 
( ) ( ) ( )2*2*2** baLEab ∆+∆+∆=∆  
The measurements1, both on samples and on the external surfaces of the case study, provided for 
each point the average of five monitored points, inside a representative area of about one square 
meter. The tested surface coating, applied to a case study, a residential use building located in 
Palermo, is among the coatings that correct the shape of the support (UNI 8752:1985), rasante in 
the Italian denomination, applied to support in thin thickness between 2 and 4 mm, based on 
siloxane-acrylic resin. The use of acrylic-siloxane resins gives the product, mainly used for outdoor 
applications, a significant water repellency and vapor permeability. Tests carried out according to 
an excerpt of DIN EN ISO 7783-2 show the coating is in class II and those made according to an 
excerpt of DIN EN 1062-3 allow the coating to be in class III, hence low permeability to liquid 
water was assessed both before and after washing. 
 
Natural aging and the case study 
The monitoring of the natural effects of aging on the rasante was performed on a case study 
through the observation of a representative set of points identified on its surfaces, in the four 
different exposures. The building, identified as the case study (Fig. 1) was completed between 
October and November 2010 by architect Renda. The facades finishing materials were produced by 
Hydrate Ltd. The building, five floors high, has a square-shaped plan with facades oriented 
according to the four directions NE, NW, SE and SW (Fig. 2). On each facade, the most 
representative elements to monitor were identified, in particular, the base parts, easily accessible 
and the terraces, all covered with the same rasante, pink coloured. The results of the investigation, 
related to 8 months of natural aging, from October 2010 to June 2011, show that the measurements 
with the spectrophotometer, under conditions of specular component included (SCI) and excluded 
(SCE) do not differ more than ∆E*ab = 0.5 (opaque surfaces show a reduced contribution of 
specular reflected light). Therefore, the graphs and tables below refer to the SCE measurements. 
                                                 
1
 The experimental work was conducted at the Laboratory of Constructions of  the Department of Architecture, University of 
Palermo 
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Fig. 1. The N-W facade of the case study 
 
Fig. 2. The drawing of the S-W façade, by arch. Renda 
 
Artificial aging and samples 
The samples for laboratory experimentation, reproducing the solution applied on the case study 
surfaces, were made of brick support, with final dimensions of 230x300x25 mm, and the coating 
applied had a thickness of about 2 mm. The edges of the samples were protected applying a 
waterproofing layer of cement mortar to prevent water absorption. An artificial aging cycle [8], 
from the data of the climatic context of Palermo2 [Table 1], was developed and calibrated, to 
perform the tests in the climatic chamber. 
 
PHASE A Minutes T (C°) RH (%) 
Rain (autumn season) 75 20 95 
Cold (winter season) 40 2 50 
Hot-humid (spring season) 115 35 87 
Hot-dry (summer season) 70 70 56 
TOTAL 300  
PHASE B  
Hot-humid + UV radiation 120 35 87 
Table 1. Values of the parameters of the artificial aging cycle  
                                                 
2
 Data processed by Tiziana Basiricò as a part of the research “Collection and processing data relating to the natural 
agents of Palermo environment for the development of accelerated aging cycles”, financed by PRIN 2003. 
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The basic cycle consists of two phases:   
 Phase A, 300 minutes (5 hours) long, with alternating rain, cold, hot-humid and hot-dry; 
 Phase B, 120 minutes (2 hours) long, in conditions of hot-humid and UV radiation.  
The basic cycle was repeated 24 times in the two distinct phases, A and B, defining a total duration 
of 120 hours (5 days) for Phase A and 48 hours (2 days) for Phase B. Every step of accelerated 
aging provides twice complete repetition of the two sub-cycles, therefore with a duration of 5x2=10 
days for sub-cycle A, and 2x2=4 days for sub-cycle B, respectively, for a total duration of 14 days. 
The results reported are related to two steps of artificial aging, corresponding to 772 hours (28 days) 
stressing action in the climatic chamber. The samples were placed in the climatic chamber at 
approximately 60° slope (Fig. 3). Measurements were taken at zero time (S0 corresponding to T0 in 
natural aging), and after the two steps (S1 and S2). For each step, the colour measurement was 
performed on two samples. 
 
 
Fig. 3. The samples set in the climatic chamber 
 
The experimental work was conducted, as well as on the pink coating, applied on the external 
surfaces of the case study, even more on three other coloured coatings (white, yellow and pink 
salmon), obtained by the addition to the base product of mineral pigments, in the granular form. 
(Fig. 4) 
 
 
Fig. 4. The samples in the four different colours, yellow, white, pink salmon and pink, from left 
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Results and conclusions  
The data collected on the laboratory aged samples were compared with the colorimetric 
measurements taken on the surfaces of the case study and related to those of the samples at S0. The 
graphs below report the colour difference ∆E*ab evolution for the artificially aged samples (Fig. 5) 
and for the facades monitored after 8 months of natural aging (Fig. 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. The colour difference evolution for the artificially aged samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. The colour difference evolution for the four facades differently oriented after 8 months 
 
Based on the comparison of the results obtained, the main conclusions are the following: 
- The artificial aging produces, after a two-step aging, a variation of the colour measured by 
the parameter ∆E*ab variable in the range 1÷1.7 for the four coloured coatings 
investigated; 
- The colour that undergoes a more evident change is white, the one undergoing a minor 
variation is yellow, together with pink salmon  
- After about 8 months of natural aging, the facades oriented to N-W, S-W and S-E show a 
similar colour change of about 1.7 points; 
- The facade oriented to N-E shows a more marked variation of about 2.5 points. 
The first attempt at rescaling, possible only for pink coating, whose data are available in laboratory 
and from the external monitoring of the case study, shows the decay of the coloured coating 
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produced artificially in the laboratory, ∆E*ab ≈ 1.3, after a two-step aging (S2), is almost 
comparable with the natural degradation recorded on the external surfaces, except for the one 
exposed to N-E, after eight months. Therefore, it is appropriate to conduct further steps of artificial 
aging to obtain comparable ∆E*ab values. The research provides an artificial aging of at least 6 
steps (2016 hours), and the monitoring of the case study for some years in order to proceed to the 
rescaling by comparing the results of these observations. The importance of colour preservation, 
compared to the original project, is often neglected, despite contributing to connote the quality of 
the entire enclosure. We believe that this issue deserves to be considered among the parameters to 
be monitored and a clearer legislation in this regard would certainly give a further important 
contribution to the maintenance of service quality of building structures, being necessary to 
establish functional limits of the colour of building surfaces. 
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